Abstract. Climate-Smart Agriculture (CSA) as an adaptation strategy that helps rural farmers adapt to climate change by making them resilient to its effects. SALM methodology is a CSA practice that promotes carbon sequestration, which in the long run increase farmers' productivity.
Introduction Climate-Smart Agriculture and Food Security
The absence of data reduces the ability to monitor and manage water resources in adapting to climate change, therefore making it difficult for rural farmers to manage the situation (FAO, 2010; UNFCCC, 2007) . Climate-Smart Agriculture (CSA) involves the use of all the necessary evidence-information required by the farmers for improved sustainable food production. It also employs adaptation strategy that minimizes the consequences of actual and expected changes in the climate for improved productivity at farm level and consequently food security. It provides detailed information about climate and its variability, which include past trends, future climate change projections, and likely impacts on the agriculture sector (Climate Summit, 2014) . Availability of such information to farmers could serve as coping and adaptation strategies for managing climate risks thereby making food production viable (FAO, 2013; FAO/CCAFS, 2013) . Investing in CSA is a new strategy to meet the need for the growing global demand for food in a climate smart manner, while at the same time reducing the socioeconomic vulnerability of rural communities in developing countries.
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Carbon Sequestration through SALM Methodology
The Sustainable Agricultural Landscape Management (SALM) Practices is an integral part of sustainable landscape management which include management of crop land, grass land, water bodies, integration of agroforestry, and livestock system and restoration of degraded lands. The project addresses the challenges of growing land pressure, insecure livelihoods, and the relative inefficiency of smallholder agricultural production, all of which are intensified by negative effects of climate change. The SALM methodology can be used to monitor and measure the Green House Gas (GHG) benefits of a range of project activities that increase carbon stocks in the agricultural landscape, in particular soil organic carbon (SOC) which is a major pool affected by climate-smart agricultural practices.
The SALM methodology proposes to use a modelling approach by parameterizing a soil carbon model with existing datasets and to run the model with input values derived from the farm Activity Baseline and Monitoring Survey (ABMS). The model proposed is the RothC carbon model. This model calculates the SOC stock changes due to varying inputs of crop residues and manure in the soil. The increase or decrease of SOC is the result of the decomposition of the added organic materials.
The present version of the RothC carbon model is a simplified version of the model developed by the Australian Greenhouse Office (2002) on the basis of the RothC-26.3 program2. It was modified by Joanneum Research and Unique forestry and land use for the Bio Carbon Fund in the frame of the Kenya Agricultural Carbon Project (KACP). The model was enhanced with comments and automatic operations for estimation in a simple manner of project removals due to changes in SOC according to the SALM methodology. This version can be used with Excel 2007 Excel , 2010 Excel , and 2016 .
History behind the Development of SALM
Monitoring of carbon changes can be costly when dealing with diversified farming systems. This is especially a challenge for smallholder farming that involves tens of thousands of farmers. There has not been an approved soil carbon accounting methodology for agricultural projects until recently. The lack of such a methodology has created difficulties bridging the gap in accounting for soil carbon. Experience with forecasting carbon projects show that for it to be effective, a methodology for carbon accounting has to be simple, cost-effective, and with sufficient accuracy (The World Bank, 2014) .
To meet the challenges, the Bio-Carbon fund at the Carbon Finance Unit of the World Bank developed the SALM methodology which was approved in December 2011 by Verified Carbon Standard (VCS). SALM was developed based on implementation of the "Kenya Agricultural Carbon Project." Among the first of such methodologies, it has proven to be simple and scientifically robust. The Kenya project was validated in February, 2012.
The Kenya Agricultural Carbon Project (KACP)
The KACP in Western Kenya is the first soil and agricultural carbon finance project in Africa that benefits rural communities and smallholder farmers. KACP is being implanted by the NonGovernmental Organization (NGO) Vi Agroforestry. The KACP project is closely integrated into the larger Vi Agroforestry East Africa program. The main objective of this program is to improve living conditions for 250,000 farmer households through sustainable use of natural resources within the Lake Victoria Basin. This is accomplished through 300 Vi Agroforestry local field advisers who support farmer groups by meeting their demands for capacity building and advisory services. The supported farmer groups/organizations are mainly small civil society organizations (61% women members) consisting of community-based organizations, common interest groups, training groups, and financial services associations (Vi Agroforestry, 2014) .
Advisory services from the project enable farmers to change agricultural practices that in the future will give them increased risk-adjusted crop yields and carbon revenues. The carbon revenues hereby provide the incentives and the rigorous performance monitoring system will focus management and extension to the real benefits Science Target Inc. www.sciencetarget.com of carbon sequestration which are improved soil fertility and resulting crop yields, increased food security, market access for agricultural produce, and increased climate resilience benefits that accrue to farmers and communities.
SALM Practices
Cropping patterns: These include residual management, manure and fertilizer input, water harvesting, on-farm erosion control, moisture and soil nutrient management, intercropping, conservation farming, and integration of on-farm trees.
Livestock: Comprising of number and types of livestock and use of animal manure.
Crop Yields: Entails food security changes and biomass production.
These practices account for project removals due to soil organic carbon changes, discuss the changes, and diversify smallholder farming conditions. ABMS is done on sample farms; if the project area has different agroecological conditions with seasonal cropping patterns, there is need to stratify the project area into different strata. SALM methodology requires a 15% precision at 95% confidence level (World Bank, 2015) .
Soil Organic Carbon Accounting in Agricultural Projects
This topic is addressed with the subtopics below: These activities are SALM practices which are a major integral part of CSA. These activities when adopted will change the organic contents of the soil.
To estimate soil carbon changes, two sets of data are needed a) Activity data-are under a particular agricultural practice.
b) Soil organic carbon (SOC) emission factorcarbon emitted 1hectare/year (tons/CO2).
The term emission factor according to IPCC stands for either emissions when GHC is emitted or sequestration when carbon removal occurs:
Thus, the multiplication of activity data and emission factor results in soil carbon changes PRS. PRS [t CO2e/yr] = Emission/Removal Factor [t CO2e/ha/yr] x Activity data [Ha] 
Study Area
To assess the effectiveness of the adoption of CSA through carbon sequestration, two farms in Oyo and Kaduna States, Nigeria, respectively are used for the study. The farms' details are listed in Table 1. Farm 1 is Bukola Enitilo farm and it is the control farm, while farm 2 is Umar Lere farm and it is the project farm. The control farm is a farm operated without CSA practices, while the project farm is a farm under the operation of CSA practices. Two assessments are made: (1) the difference between the control's farm and the project's farm data and (2) the difference between the project's farm baseline data and project data.
The Umar Lere SALM Project
Umar Lere farm used to be a crops production only farm. The farm owner, Alhaji Umar Lere was exposed to the Kenya Agricultural Carbon Project (KACP) and applied its practices to his farm. Alhaji Lere adopted the project on his farm in 2012 and he has since then increased his productivity and enhanced his resilience to climate change with carbon sequestration as co-benefit. The farm is about 3 hectares and located in Kaduna State, North West Zone of Nigeria. Here, smallholder farmers like Alhaji Lere practice subsistence farming. He practices mixed farming system of crop production and after the adoption of SALM methodology, introduced livestock farming which provides draught power to cultivate land and manure to fertilize the soil and crop residues in turn feed livestock.
Methodology
The farm uses ABMS for data collection; its baseline agricultural activities are assessed, its adoption of SALM methodology was monitored, and the RothC model was used to estimate the resulting carbon stock changes. The soil model input data combined with the data from the ABMS and additional existing data sets, such as climate and soil data, are used to parameterize Roth-C to model the actual (ex-post) GHG emissions and Science Target Inc. www.sciencetarget.com removals from SOC and tree biomass of the Umar Lere farm having adopted SALM activities.
The ABMS data is collected through periodic interview using structured questionnaire throughout the project lifetime. The project was initiated in March 2012, and there have been 13 structured interviews since inception at an interview per quarter. The questions refer to general farm structure, current and future management practices, cropping systems, use of biomass within the farms, crop yields, livestock management, tree biomass, and general socioeconomic farm parameters. The sample unit is the whole farm. The data gathered from the ABMS farms always refer to two cropping seasons. The first season is from April to September and corresponds to the long rains period. This is the main season and usually has a higher productivity. The second season is from October to March in the following year and corresponds to the short rains period.
Results
For this study, the data representing the baseline conditions in the year 2012 are compared with that of 2015. Over six consecutive seasons, Umar Lere farm have adopted SALM practices such as mulching with crop residues, planting of cover crops, applying composted manure, and planting of soil fertility biomass and agroforestry trees on its cropland. The result of this whole system is the total project net GHG removals, consisting of the carbon stock change in the soil organic carbon pool and the biomass carbon pool, while considering carbon emissions due to implementation of project activities. SALM adoption is expected to increase yields, residues, and tree biomass. Table 2 shows the values for Umar Lere farm and Bukola Enitilo farms under baseline conditions in 2012 and after 3 years of project implementation (note that Enitilo farm did not adopt the SALM methodology). With regard to tree biomass, the average carbon stocks of long living biomass trees are presented in the baseline, whereas only the increase of additional carbon removal as a result of trees planted in the project is presented under project condition. Also, farm-scale quantification was exercised using first the SALM methodology (RothC model) which combines activity monitoring of agricultural practices and process-based modeling and second the Cool Farm Tool (CFT) method. The inputs required by the models are clay content in the soil (%); climate parameters such as monthly temperature ( o C), monthly precipitation (mm), monthly pan evaporation (mm); additional residue inputs due to crop management changes (tC ha -1 ); additional manure inputs due to manure management changes (tC ha -1 ); and soil cover in each month. The data to parameterize the model where compiled from local weather stations and from online databases such as the harmonized world soil database (FAO/IIASA/ISRIC/ISSCAS/ JRC, 2012).
The calculation of organic inputs is based on the data collected from the ABMS on Umar Lere farm and on equations from Volume 4 of the 2006 IPCC guidelines. For instance, the harvested fresh yield of crops in tons per hectare per season (t ha -1 season -1 ) is converted to number of residues produced on the basis of the equations reported in table 11.2 in Volume 4 of the 2006 IPCC guidelines. Table 4 displays the average weighted organic inputs for the two farms under the RothC modeling. In addition to the SALM methodology, IPCC emission factors were used to estimate emissions from manure management.
As a comparison, the Cool Farm Tool (CFT) calculator was used for the same farm, being a userfriendly farm level greenhouse gas calculator for estimating net GHG emissions from agricultural management. Methodologically, the CFT sits between calculators using simple emission factor approaches (IPCC tier 1) and process-based models (tier 3) providing tailored emission estimates without the need for data beyond farmer common knowledge and a deeper understanding of the interactions between land use, biophysical processes and management operations (Hillier et al, 2011) . Table 5 summarizes all carbon pools and GHG emission sources included in the comparison study.
After six seasons of project implementation, Umar Lere farm significantly increased its crop Science Target Inc. www.sciencetarget.com yields in 2015. The farm also increased the tree cover while livestock rearing was introduced and slightly increasing. With regard to farm management practices, Umar Lere farm reduced burning of crop residues and ceased using nitrogen fertilizers. This is in line with the study of FAO/CCAFS, (2013) that advisory services from the project enable farmers to change agricultural practices that in the future will give them increased risk adjusted crop yields and carbon revenues.
The total adoption of SALM practices is about 50% of the farm land. For the two-soil carbon relevant practices mulching and composting, the adoption rate is quite constant up to 95%. With regard to the consumption patterns of firewood and charcoal, emissions from enteric fermentation, direct emissions from the application of inorganic fertilizers, and burning of crop residues.
It is interesting to observe that the consumption is decreasing within the project in the farm. This can be explained by the switch to the use of energy efficient stoves and the reservation of firewood producing tree species on farm, which is promoted as part of the project. Table 6 2012/2015 VCS SALM/IPCC/ROTHC-Average annual GHG emission and removal profile of Umar Lere in tCO2e ha -1 representing the baseline (2012) and the project scenario (2015) using the SALM methodology complemented with IPCC emission factors. SOC = soil organic carbon. Table 6 summarizes the GHG quantification of Umar Lere farm using the RothC model of the SALM methodology complemented with IPCC and regional emission factors used to account for emissions from livestock. Six different sources or sinks of emissions are accounted, namely carbon stock changes in soil organic carbon, accumulation of tree biomass (above and below ground biomass), emissions from manure management, emissions from enteric fermentation, direct emissions from the application of inorganic fertilizers, and burning of crop residues.
The impact of emissions from inorganic fertilizers in the baseline scenario in 2012 was accounted for and is given as 40.0 kg ha -1 yr -1 and in 2015 (Table 3) ; no fertilizers emission occurred due to cessation of nitrogen fertilizer application by farm management.
The main source of emissions is attributed to livestock units per hectare of agricultural land. The existing carbon stock of long living trees on agricultural land in 2012 is very low at 2.6 tCO2 ha -1 , because only 15 long-living trees are on the farm cropland. Since baseline trees have already reached equilibrium state, no carbon stock changes are assumed for 2012. After 3 years of project implementation, 56 long-living trees are now grown on the farm and such trees contributing to annual carbon stock changes of 10.2 tCO2 ha -1 (see Table 2 ).
The modelled soil carbon stock changes increased significantly as a result of the adoption of SALM practices from around 0:5 tCO2 ha -1 yr -1 in 2012 to 3:5 ha -1 yr -1 in 2015 (Table 6 ). There is a direct relationship between the crop yield and residues produced. The soil carbon stock changes if the residues are added to the soil as organic matter (mulch or compost). The crop yield increase is reflected by higher organic input factors and higher modelled SOC changes. Table 7 compares the quantification performed with the Cool Farm Tool (CFT). In addition to the sources and sinks of emissions under the SALM methodology, the CFT includes emissions from fertilizer production; fertilizer induced field emissions (N2O) and background N2O field emissions which are combined under direct and indirect N2O field emissions; burning of crop resi-dues and N2O emissions from residues is referred to as emissions from crop residue management. Emissions from livestock feed are also accounted and are depending on the type and quality of grazing management. Based on the survey data and information from the project, significant changes occurred within 3 years of livestock management on the farm. Table 8 Total average GHG emission and removal profiles of Umar Lere farm in the project scenario ( The CFT only shows carbon stock changes for tree biomass, therefore there are no changes estimated for the baseline year 2012. The emissions from crop management (crop residue management and direct and indirect field N2O) are higher compared to the SALM/IPCC method with an average of 0:6 tCO2e ha -1 yr -1 because the CFT more comprehensively considers different sources of emissions including fertilizer production as well as different sources of N2O emissions from the fields including soils, inorganic fertilizers, organic fertilizers (manure and compost), and crop residues.
With regard to livestock emissions, the management of livestock including feeding practices and manure management significantly affects the overall emissions. Enteric fermentation is linked to the feed characteristics. The differences of emissions from manure management on the farm is similar to the IPCC estimation, however, the CFT calculates higher emissions in the order of magnitude of 120%, although the same manure management conditions were used. The CFT also accounts for indirect N2O emissions from manure management.
In 2015, the total emissions were reduced while carbon was stored in the soil and trees as part of the credit of SALM practices. Since composting manure is among the key activities within the project, the manure emissions were also reduced. The crop management emissions on the other hand remained stable given that although inorganic fertilizers were not used, the crop areas under compost and mulching application increased with higher N2O emissions from these fields.
Mitigating Green House Gases (GHG) from Umar Lere Farms
After assessing the changes of farm based GHG emissions and removals over 3 years and the difference using two farm quantification methods, this section now takes a closer look at the mitigation benefits which were achieved as a result of adoption of SALM practices. The annual benefits from woody biomass of trees planted in the Umar Lere SALM project range between 0.8 and 1:2 tCO2 ha -1 using the SALM methodology and 0.4-0:7 tCO2 ha -1 with the CFT. Both methods follow the IPCC guidance and use allometric biomass equations and default root to boost ratios for calculation. The sequestration rate is low due to the fact that the average tree diameter (DBH) is around 5 cm after 3 years of project implementation. The difference between the two methods can be explained by the different equations applied. The CFT applies the general tropical moist equation of Brown (1997, updated) while a more site-specific equation was used for the SALM method. It was observed that, in particular, smaller trees (dbh < 10 cm) dominate the landscape and that apparently small differences in the equations for small trees could add up to a Science Target Inc. www.sciencetarget.com large amount of carbon when looking at a landscape.
The emission reduction benefits from improved crop residue and fertilizer management are also considered; regarding fertilizer management, the farm ceased to apply inorganic fertilizers during the first 3 years of the project, thus reducing emissions from fertilizer application to zero. Furthermore, the farm reduced the burning of residue biomass but the increase of emissions due to the introduction of nitrogen fixing plants and composting of residues offsets the emission reductions.
The annual benefits from soil carbon sequestration due to adoption of management practices such as mulching, composted manure, and introduction of soil fertility trees are on average 0:9 tCO2 ha -1 using the RothC modelling approach and 0:8 tCO2 ha -1 applying the empirical model approach of the CFT. The overall average mitigation benefits of the two quantification methods result in 4.0 and 6:5 tCO2 ha -1 yr -1 for the SALM/IPCC method and the cool farm tool respectively. The total average GHG emission and removal profile on Umar Lere farm reduced from 8.9 tCO2 ha -1 yr -1 in 2012 to 1.4 tCO2 ha -1 yr -1 in 2015 for the SALM/IPCC and from 10.1tCO2 ha -1 yr -1 to 1.5 tCO2 ha -1 yr -1 for the CFT (Table 8) . On Umar Lere farm, it can be observed that there are significantly different mitigation benefits depending on typologies of the crop-livestock systems, different agricultural practices, as well as adoption rate of improved practices during the project.
The results of the whole farm quantification demonstrate the variation in the magnitude of the estimated GHG emissions per hectare in Umar Lere smallholder farm using two different accounting tools. The farm-scale quantification further shows that the two management practices have a significant impact on emission reduction and removals independent from the actual farm size. The whole farm quantification in 2015 compared to the baseline conditions in 2012 demonstrates the significant mitigation opportunities in smallholder crop-livestock systems if emission sources are comprehensively considered.
Soil carbon is important for soil structure and related nutrient and water holding properties. Hence increasing soil carbon stocks results in improved crop growth and contributes to enhance climate resilience. In addition, the increase in soil organic carbon through SALM practices such as the use of cover crops, residue management, and agroforestry will also reduce the need for synthetic nitrogen fertilizer at a given level of crop production.
